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PREFACE 
Corrosion is one of the costly and severe material science 
problems that manifest itself in multifarious forms in our daily lives. 
The seriousness of the problem has prompted the corrosion scientist 
to become aware and conscious in this field. Corrosion preventing 
technology has made option at its disposal for the successful 
corrosion mitigation of materials. One of the very important 
methods of minimizing corrosion today is the use of inhibitors. 
Corrosion inhibitors are extensively used in various operational 
applications that are dependent on their successful operation. 
Several corrosion inhibition studies on mineral and organic 
acids have been done in recent past. This dissertation highlights the 
corrosion behavior of hydrochloric acid media and its inhibition on 
mild steel by using some thiadiazole derivatives as corrosion 
inhibitors. The dissertation includes, an introduction, reflecting the 
economic significance of corrosion problem, classification of 
corrosion & their mechanism, thermodynamic principles of 
corrosion, potential - pH diagrams, methods of corrosion control by 
use of inhibitors and their mode of action. A brief description of 
different techniques employed for investigation of corrosion 
inhibitors has also been given. The detailed literature survey on 
corrosion inhibition studies has been incorporated for building a 
sound background to carry out research in this field. 
The thiadiazole derivatives were prepared in the laboratory 
and their purities were confirmed by using FT-IR spectroscopic 
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CHAPTER-1 
INTRODUCTION 
Corrosion may be defined as the degradation of metals/materials through chemical or electrochemical reaction with its environment [1]. However, degradation due 
to purely mechanical forces does not called corrosion but is known 
as wear, fretting etc. Corrosion can also be defined as conversion 
of metal back into oxide/sulphide. In some cases chemical or 
electrochemical attack may be accompanied by physical 
deterioration and is described by the terms corrosion-erosion, 
corrosion-wear or fi-etting corrosion. 
Trends in corrosion research had changed rapidly over the 
years. In fifties, polarization studies and their applications had been 
the topic of research having considerable interest [2, 3]. In the 
seventies, the work on corrosion research was devoted to the 
mechanistic studies on metal dissolution, localized corrosion and 
high temperature corrosion [4-7] etc. In recent years corrosion 
research has been diversified into several newer fields in which 
optical techniques have revolutionized the field whereas surface 
analytical techniques play a major role as it gives better insight in 
understanding the nature of corrosion products and their influence 
over metal surface and their oxides formed. These techniques were 
helpfiil to characterize the thickness, the structure and the 
composition of films formed as corrosion product. The use of 
computers [8] and microprocessors [9] were found to be helpful in 
analyzing the corrosion data in a very effective manner. 
Corrosion science is an art and design useful to prevent and 
control corrosion economically and safely. The ultimate objective of 
all electrochemists, metallurgists and chemical engineers is to 
understand the mechanism of corrosion and to provide suitable 
techniques for its control. 
1.1 E C O N O M I C I M P O R T A N C E OF C O R R O S I O N 
Corrosion poses a very serious problem to industries affecting 
both to the cost and the productivity. Losses due to corrosion are so 
high that it has assumed great economic importance throughout the 
world. It is expected that 25% of the total product of the metal and 
alloys go waste due to corrosion. The losses due to corrosion, which 
were modest when process and material were simple, grew 
exponentially, to the astronomic figures of over Rs. 6, 40,000 
million per year by 1977, amounting for losses equal to about one 
percent of the gross world product [10]. 
Even in the industrialised countries like USA ,IJK & Canada, 
corrosion is posing very serious threat, which can be appreciated by 
the fact that Canada is spending around $1 billion annually to 
control corrosion, while in UK the total loss due to corrosion is 
estimated to the order of £600 million [11] each year. According to 
NACE (International) bulletin [12] the annual losses due to 
corrosion in USA are estimated to be more than $300 billion. In 
India the armual losses due to corrosion has estimated to be more 
than Rs.25, 000 crores per annum. 
Thus from economic point of view, it is necessary for 
corrosion specialists to study corrosion science more precisely in 
order to understand the mechanism involved and suggest some 
useful ways to minimize corrosion damage posed by the 
environment. 
1.2 CLASSIFICATION OF CORROSION 
Corrosion has been classified in different ways such as low 
and high temperature corrosion, direct oxidation corrosion and 
electrochemical corrosion, etc. The preferred classification is (i) 
Wet or electrochemical corrosion (ii) Dry or chemical corrosion. 
Table - 1.1 Classification of Corrosion Processes 
Corrosion 
Electrochemical Corrosion Chemical Conxsion 
Roan Tempaature Qxrosion Hevated Temperature Corrosion 
IMformCorrosiai 
- Atmosphoic Corrosion 
- Corrosion by mineral acids 
t Y 
Localized Corrosion Hi^Temp. 
Oxidation 
Fused Salt Cortxsion 
Chonical Factors 
Initiated in the 
IVfetal 
Initiated in the 
Environment 
- Intergranular Corrosion 
-Rting Corrosion 
- Exfoliation 
- Dealloying 
(a) Dezincification 
(b) Grafiiitization 
- Galvanic Corrosion 
- Cnevice Corrosion 
-Filiform Corrosion 
- Water line Attack 
- IVfetal Ion Concentration 
Cell Corrosion 
- Soil Corrosion 
Ccnjoint Action of 
Chemical and N'fechanical Factors 
Nfcchanical 
Process in the 
IVfetal 
- Stress Corrosion 
Cracking 
-F^drogen 
Embrittlement 
-Corrosion Fatigue 
IVfechanical 
Action of the 
Environment 
Y 
-Erasion 
Corrosion 
• Cavitation 
Corrosion 
IVfcchanical 
Action of 
Solid Body 
onthelVfatal 
Y 
-Fretting 
Corrosion 
Table - 1.2 Various important forms of corrosion with examples 
S.No. Corrosion type Definition Examples 
2. 
5. 
6. 
7. 
11. 
Dry corrosion 
Wet corrosion 
Uniform 
corrosion 
Pitting corrosion 
Crevice 
corrosion 
Galvanic 
corrosion 
Integranular 
corrosion 
Stress corrosion 
cracking 
High 
temperature 
oxidation 
Erosion 
corrosion 
Corrosion 
fatigue 
Involving chemical reaction 
with non-electrolytic gas or 
liquid. 
Corrosion in contacts with 
electrolyte such as aqueous 
solution of salt, alkali and acid. 
Uniform attack of 
electrochemical or chemical 
reaction over the entire surface. 
Localized attack in the form of 
pit. 
Intense localized corrosion 
shallow holes. 
m 
Dissimilar metals immersed in 
a corrosive media and 
connected electrically 
Corrosion occurring in the 
vicinity of grain boundaries. 
Cracking caused by 
simultaneous presence of 
tension stress and particular 
corrosion medium. 
Oxidation reaction with the 
products of fuel combustion. 
Acceleration of corrosion 
because of relative movement 
between corrosive fluid and the 
metal. 
Combined action of corrosive 
medium and variable stresses. 
Corrosion of steel with SO2, 
CO2,02 etc. 
Corrosion of steel in sea water, 
acids and alkalis. 
Steel immersed in dilute 
sulphuric acid. 
Stainless steel, aluminum alloys, 
copper alloys, and nickel alloys 
immersed in chloride solution. 
The crevices under bold and 
rivet heads. 
Zinc and iron in salt solution. 
Weldments of stainless steel 
Season cracking of brass and 
caustic embrittlement of steel. 
Corrosion of steel with 
combustion products such as 
CO2, SO2,02, etc. 
Corrosion in pumping 
equipment, corrosion in the area 
between bearings and shafts. 
Heat exchanger tubes 
chemical equipments. 
of 
(i) Wet or Electrochemical Corrosion which involves an 
interface. It can be further separated into: 
(a) Separable anode / cathode type: In these cases certain areas 
of the metal can be experimentally identified as predominantly 
anodic or cathodic. The distances of separation of these areas may 
be very small, of the order of fractions of millimeter. There is a 
macroscopic flow of charge through the metal. 
(b) Interfacial anode / cathode type: In this case, one entire 
interface behaves as cathode and the other as anode and the charge 
is transported through a film of reaction product on the metal 
surface. 
(c) Inseparable anode / cathode type: Here the anodes and the 
cathodes cannot be distinguished by experimental methods, though 
their presence is postulated by theories/considerations, e.g. the 
uniform dissolution of the metal in fused salt, non-aqueous 
solutions, acid, alkaline or neutral solutions etc. 
(ii) Dry or Chemical Corrosion which involves direct chemical 
reaction of a metal with its environment. There is no transport of 
electric charge and the metal remains film free. This would include 
corrosion in gaseous environments when the reaction product is 
volatile, corrosion in liquid metals, fused halides and organic 
liquids. A general scheme for the classification of corrosion 
processes is presented separately in the tabular form (Table 1.1). 
Various important form of corrosion with definitions and examples 
are summarized in Tablel.2. 
1.3 ELECTROCHEMICAL THEORY OF 
CORROSION 
Most of the corrosion reactions, especially those occurring in 
aqueous media are electrochemical in nature. The overall corrosion 
process is accompanied by considering the formation of cathodic 
and anodic areas on the metal surfaces in which less aerated part 
acts as a anode where metal gets oxidized and converted into ions as 
indicated by the reaction: 
M^^lvT+e" —(1) 
This reaction constitutes the basis of corrosion of metals. 
In a similar fashion, a reduction reaction is indicated by the 
consumption of electrons. For every oxidation reaction there must 
be a corresponding reduction reaction. In aqueous solutions, various 
reduction reactions are possible depending upon the system. Some 
examples of reduction reactions are: 
Hydrogen evolution: 2¥C + 2e"—>• H2 (in acidic system) — (2) 
Oxygen reduction: O2 + 4H^ + 4e" -^ 2H20(in acidic solution—(3) 
O2 + 2H2O + 4 e" -> 4 OH" (in neutral and alkaline solution — (4) 
Metal ion reduction: M "^ + e" -^ M* ^ ""'^  —(5) 
Metal deposition: M "^ + ne" —»• M —(6) 
Oxidation reactions are known as anodic reactions while 
reduction reactions as cathodic. During corrosion process, more than 
one anodic and cathodic reaction may occur. Oxidation-reduction 
(redox) reactions can be understood by the example of corrosion of 
mild steel in sulphuric acid contaminated by ferric ions. Anodic 
reaction will occur as follows: 
M =;^ Mn^  + n e~ —(6a) 
All the components elements of mild steel (e.g. Fe, Mn, etc.) go into 
the solution as their respective ions. The electrons produced by these 
anodic (oxidation) reactions will be consumed by the cathodic 
(reduction) reactions. In this case, reaction (5) can be represented as 
follows: 
Fe^ ^ + e- ^ Fe'^ - ( 7 ) 
Removing one of the available cathodic reaction e.g. reaction (7) by 
removal of the Fe^^ ions will reduce the corrosion rate. When a 
metal or alloy is immersed in a corrosive environment (conductive) 
different potential zones are developed on the surface of metal or 
alloy due to the presence of different metallic phases, grain 
boimdaries, segregates, crystalline imperfections, impurities, etc. 
This difference in potential leads to the formation of anodic and 
cathodic areas on the metallic surface where oxidation and reduction 
reactions occur, respectively. These areas are helpful in the 
formation of local action cells on the metallic surface. Local action 
cell can also be formed in situations where there is a variation in the 
environmental factor such as temperature. The electrode potential 
can be calculated by using the Nemst equation: 
£..,^;„(-) 
zF {red) 
Where, 
Eo = Standard electrode potential 
R = Gas constant (1.98 cal/gm. Equivalent) 
F = Faraday constant (96,500 coulombs/gm equivalent) 
T = Absolute temperature 
Z = Number of the electrons transferred in the reaction 
(ox) = Concentration of oxidised species (mo 1/1) 
(red) = Concentration of reduced species (mol/1) 
-(8) 
1.4 THERMODYNAMICS PRINCIPLES OF 
CORROSION 
In most of the cases, metallic state represents the state of high 
energy. Therefore, metal have a natural tendency to react with other 
substances and go back to lower energy state with subsequent 
release of energy. All metals show decrease in free energy by 
undergoing reaction with the environment, (except noble metals); 
Thermodynamic stability of chemical compounds is determined by 
the signs (+ or -) in the change in free energy (AG), when they are 
formed from simple substances. 
Free energy is the thermodynamic property that expresses the 
resultant enthalpy of substance and its inherent probability. At 
constant temperature free energy can be expressed as follows: 
AG = AH - T AS —(9) 
When the reaction are at equilibrium then: 
AG'^  = -RTInKeq —(10) 
Where AG is the change in the free energy, AH is the change in 
enthalpy, AS is change in entropy and T is absolute temperature. 
Where, AG° is the change in standard free energy, R is gas constant 
and Keq is equilibrium constant. The potential of a reaction is 
related to its free energy change (AG) by: 
AG = -zFE —(11) 
A negative value for the free energy corresponds to a spontaneous 
reaction, whereas a positive value of AG indicates that the reaction 
has no tendency to proceed. The change in free energy 
accompanying an electrochemical or corrosion reaction can be 
calculated from knowledge of the cell potential. It is the redox 
potential by which one can predict whether a metal will corrode in a 
given environment or not. 
1.5 POTENTIAL-pH DIAGRAM 
To overcome some of the limitations of the e.m.f and galvanic 
series, a system showing the effect of both potential and pH has 
been evolved by Pourbaix in the form of E/pH diagrams. These 
diagrams are often called Pourbaix diagrams or potential-pH 
diagrams, that are plotted for various equilibria on normal cartesian 
coordinates with potential on vertical axis or coordinate, and pH on 
horizontal axis or abscissa. The diagram takes of the account of 
electrochemical and chemical equilibria of metals in conjunction 
with water, and since there are several such equilibria for each 
metal, only one metal can only be represented on one diagram. Such 
diagrams are constructed using electrochemical calculation based on 
solubility data, equilibrium constants and the nemst equation. The 
potential-pH diagram for iron exposed to water has been shown in 
Figure 1.1. It is necessary to consider the following equilibria before 
drawing the potential for iron: 
Fe =^ Fe^ "^  + 2 e" Corrosion reaction —(12) 
Fe^ "" ^ ^ Fe^""+e" Oxidation reaction —(13) 
Fe(OH)3 +311*+e" ^ ^ Fe^ ^ + SHjO Precipitation reaction--(14) 
Fe^V2H20^^ Fe(OH)2+2ir Hydrolysis reaction —(15) 
2Fe+3H20=^ Fe203+6H^ + 6e~ Corrosion reaction —(16) 
Fe + 2H2O :=^ HFe02' +3H^ + 2e" Corrosion reaction —(17) 
HFe02~ +H2O :==^  Fe(0H)3 + e" Precipitation reaction —(18) 
Fe^ ^ + 20H" ^ ^ Fe(0H)2 Precipitation reaction —(19) 
Reaction (12) and (13) and (18) are independent of pH and 
are represented by straight horizontal lines; while reaction (14), (16) 
and (17) are dependent upon pH and potential and are represented 
by the Eh/pH Plots by sloping lines. Reaction (15) and (19) which 
only depend on pH are represented by vertical lines. Oxygen is 
evolved above but not below (line "cd") in accord with the reaction: 
H20^1/202 + 2rf' + 2e' —(20) 
Hydrogen is below but to above (line "ab") in accord with the 
reaction: 
Figure J. J Pourbaix diagram for Fe-H20 System at 25''C. 
H ' ^ ^ l / 2 H 2 + e - - ( 2 1 ) 
As can be seen in Figure 1.1 the redox potential of the hydrogen 
electrode (line "ab") lies above immunity region along all the pH 
scale. This means that Fe may be dissolve with evolution of 
hydrogen in aqueous solution of all the pH values. In the pH range 
(9.4-12.5), however a passivating layer of Fe (0H)2 is formed 
i l 
(reaction 19). At higher pH value soluble hypoferrite can form 
within a restricted active potential range. At a higher redox potential 
in the corroding medium, the passivating layer consist of Fe (OH) 3 
or Fe203 nHiO or Fe203 in different situations. Soluble ferrate 
(Fe04') can form in alkaline solutions at a very noble potential, but 
the stable field is not well defined. 
Though the potential pH-diagram is quite useful in showing at 
glance specific conditions of potential and pH under which the 
metal will corrode, there are several limitations regarding their use 
in practical corrosion problem. Since the data in potential-pH 
diagram are thermodynamic, they convey no information about the 
rate of reactions. 
The major use of such diagram, which can be constructed for 
all metals are useful in: 
i) Predicting whether or not corrosion will occur, 
ii) Estimating the composition of corrosion products formed, and 
iii) Predicting environmental changes, which will prevent or reduce 
corrosive attack. 
1.6 METHODS OF CORROSION CONTROL 
Several methods are available in literature for corrosion 
control. Details of these methods may be found in the extensive 
survey of literature on corrosion control [13-15]. The general 
classification of corrosion control methods are given in Table 1.3. 
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Table - 1 . 3 . Methods of Corrosion Control 
G)iTosioii G>ntrol Methods 
Modification of Metal Nfodification of 
Environmental 
Qiange of Metal / 
Ehvircximental Potential 
Modification of 
Metal Conrposition 
(by alloying) 
Modification of 
Metal Surface 
Surface Alloying Coating 
(Ion Implementation) 
Cathodic 
Protection 
i 
Anodic 
Protection 
r 
Sacnficial 
AixxJic 
Impressed 
Current 
Dearation 
Dehumidificaticxi 
] 
Inhibitors 
Organic Metallic Inorganic Vapour Hiase 
(Silicate Inhibitors 
Coating etc.) 
Acid 
Inhibitors 
i 
Neutral& 
Alkaline 
Inhibitors 
T 
Organic Inorganic 
Electrodeposition 
(Zn,Cd,Ni, Crete.) Hot Dipping (Zn, Al, Sn) 
DiffiisicHi 
Coating 
(Cr,Al) 
Alloying 
withNoHe 
Metal 
Impressed 
Current 
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1.7 PREVENTION OF CORROSION BY 
APPLICATION OF INHIBITORS 
1.7.1 DEFINITION OF INHIBITORS 
The definition of an inhibitor proposed by the NACE is "a 
substance which retards corrosion when added to the corrosive 
environment in small concentrations" [16] and the recent ISO 
definition of an inhibitor is "chemical substance which decreases the 
corrosion rate when present in the corroding system at a suitable 
concentration without significantly changing the concentration of 
any other corrosive agent" [17]. Inhibitors may also be defined on 
electrochemical basis as substances that reduce the rates of either or 
both of partial anodic oxidation /cathodic reduction reaction. 
From 19* century onwards-vegetable wastes, plant extracts 
[18, 19] were used as inhibitors. Putilova et al [20] have reviewed 
metallic corrosion inhibitors. A Review on organic inhibitors [21-
23] and organic based sulphur compounds [24] has been published. 
Several books have been published on this subject [25, 26]. 
Besides, the University of Ferrara (Italy), conducts a symposium on 
corrosion inhibition once in five years [27]. All the international 
seminars on corrosion discuss the various developmental plans and 
applications of corrosion inhibitors [28, 29]. Various books & 
review on the subject are also available in a precise manner [30, 31] 
1.7.2 CLASSIFICATION OF INHIBITORS 
Inhibitors are classified on the basis of environmental 
conditions as acid inhibitors, neutral and alkaline inhibitors and 
vapour phase inhibitors. Depending on the mechanism of inhibition 
they are further classified as cathodic, anodic and mixed inhibitors. 
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According to Putilova [20] inhibitors are of three types: 
Type A: Those inhibitors, which fimction by forming a protective 
layer on the surface of metal, come under this category. Inhibitors of 
such type are commonly used and constitute the largest class of 
inhibiting substances. 
Type B: This type of inhibitors reduces the aggressiveness of 
medium towards the metal and may be called deactivators of the 
medium. These include sulphites (Na2S03), which retard corrosion 
in water by combining with dissolved oxygen. 
Type AB: Hydroxides or carbonates of the alkali metals (NaOH or 
Na2C03) are added to water to prevent the corrosion of steel articles 
by lowering the hydrogen ion (H"^  concentration. A very thin film 
of insoluble iron hydroxide or carbonate is also formed on metal 
surface, providing a seal against further corrosion. 
1.7.2.1 ACID INHIBITORS 
They may be further classified into inorganic and organic 
inhibitors. 
(i) Inorganic inhibitors 
In strong acid solutions, Br", Y have found to be effective 
inhibitors [32]. The oxides like AS2O3, SbaOa have been reported as 
inhibitors in acid media. These substances get deposited [33] in the 
form of metal on iron and increase the hydrogen over-voltage and 
subsequently reduce the corrosion. Recently addition of heavy metal 
ions like Pb^ ,^ Mn^^ Cd^ ^ is found to inhibit corrosion on iron in 
acid medium. This is explained due to under potential deposition of 
metal ions leading to complete coverage on the iron surface [34]. 
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(ii) Organic Inhibitors 
These are organic substances containing N, S, or O as reactive 
centre through which they get adsorbed on the metal surface and 
inhibit corrosion of metals in acid environment. The prominent 
examples of acid inhibitors are acetylinic alcohols, aldehydes, 
mercaptans, hetrocyclic compounds and thiourea derivatives [35-
36]. 
An organic corrosion inhibitor may be anodic, cathodic or 
both depending on its reaction mechanism and the potential of the 
metal at the interface [37]. Generally cathodic inhibitors increase 
cathodic polarization and shift the corrosion potential to more 
negative values, while anodic inhibitors enhances anodic 
polarization and shift the corrosion potential to more positive 
values. 
The effectiveness of an organic inhibitor depends mainly on 
their (i) Size (ii) Carbon chain length (iii) Bonding strength to metal 
surface, (iv) Aromaticity and or conjugated bonding (v) Nature and 
number of bonding atoms. 
1.7.2.2 NEUTRAL/ALKALINE INHIBITORS 
These inhibitors include cathodic inhibitors (which increase 
cathodic polarization), anodic inhibitors (which enhance the anodic 
polarization) and mixed or general inhibitors (which act on both 
cathodic and anodic areas). 
Anodic inhibitors form an oxide or some other insoluble film. 
Insufficient concentration of anodic inhibitors will lead to severe 
pitting. Sodium chromate is one of the most widely used and 
efficient inhibitors. Sodium silicate is generally used in hot water 
systems. The other compounds used in neutral and alkaline media 
16 
are borates, molybdates and salts of organic acids like benzoates and 
salicylates. 
1.7.2.3 VAPOUR PHASES INHIBITORS (VPI) 
Those substances whose vapour pressure is sufficiently high 
act as vapour phase inhibitors. The vapour pressure of these 
compounds at room temperature is usually between 0.1 and 1.0 mm 
mercury, so that the inhibitors becomes sufficiently fast moving to 
ensure its adequate availability in the vicinity of the metal surface. 
The prominent examples of vapour phase inhibitors are 
dicyclohexyl ammonium nitrite, benzothiazole for protecting 
copper, phenylthiourea and cyclohexylamine chromate for brass. 
Dicyclohexylamine nitrite is said to protect both ferrous and non-
ferrous parts. 
The inhibitors vapour condenses on contacting a metal surface 
and is hydrolyzed by moisture present to liberate nitrite and 
benzoate ions, which in presence of available oxygen are capable of 
passivating steel as they do in aqueous solution. 
1.7.2.4 ANODIC INHIBITORS 
The substances, which retard the anodic area by acting on the 
anodic sites and polarize the anodic reaction, are called anodic 
inhibitors. In the presence of anodic mhibitors, displacements in 
corrosion potential (Ecorr), takes place in positive direction (Figure 
1.2a) and suppress corrosion current (Icorr) and reduces corrosion 
rate. The curve Escort represents the anodic reaction while E'^ corr 
represent the cathodic reaction and the point B where both anodic 
and cathodic reaction intersect corresponds to corrosion potential 
(Ecorr) and corrosion current (Icorr). The substances, which retard the 
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anodic reaction to enhancement of anodic polarization. In this 
situation, anodic curves become E^ corr and the current E^ con 
corresponding to 0 is less than Icorr (corrosion current in the absence 
of the inhibitors) and the rate of corrosion is decreased. Anodic 
inhibitors which causes a large shift in the corrosion potential are 
called passivating inhibitors, if used in insufficient concentration, 
they cause pitting and sometimes an increase in corrosion rate. 
Anodic inhibitors are of two types. 
i) Oxidising anodic inhibitors - They inhibit corrosion by 
passivating the metal surface, eg. Chromate, nitrite [38]. 
ii) Non-oxidising anodic inhibitors - They are inorganic anions 
such as molybdate, benzoate & phosphate etc. 
These inhibitors slow down anodic reaction by forming passive film 
on the metal surface in presence of oxygen. 
1.7.2.5 CATHODIC INHIBITORS 
Those substances, which reduce the cathodic area by acting 
on the cathodic sites and polarize the cathodic reactions, are called 
cathodic inhibitors. They displace the corrosion potential (E'^ corr) in 
the negative direction and reduce corrosion current, thereby retard 
cathodic reaction and suppress the corrosion rate (Figure 1.2b). In 
this situation, the point of intersection is at 0 and corresponding 
corrosion current (I*^ corr) will be lower than that without inhibitor 
(Icorr) with some exceptions [39]. 
Cathodic inhibitors can be divided into three categories: 
i) Cathodic poisons - The substances which interfere with the 
formation of hydrogen atoms or recombination of hydrogen atoms 
to H2 gas are known as cathodic poisons e.g. arsenic and antimony 
salts. 
ii) Oxygen scavangers - The substance which inhibit the 
corrosion by removing dissolved oxygen in water are called oxygen 
scavangers e.g. sodium sulphite & hydrazine 
2Na2S03+02 ^ Na2S04 ---(22) 
N2H4 + O2 -> N2+2H2O —(23) 
The advantage of hydrazine over sulphite is that it does not 
increase the total dissolved solids in water that prevents the salt 
deposits in boilers & other capillary steam outlets, 
iii) Cathodic precipitate (Filming inhibitor) - Calcium bicarbonate 
and zinc sulphate are the examples of filming type inhibitors. The 
cationic parts of these inhibitors migrate towards cathode and react 
with cathodically forming their alkali salts and their deposits 
produce insoluble protective film on cathode and thereby inhibit 
cathodic reaction. 
Ca^ + 2HCO3 + OH- ->CaC03i + HC03-+H20 —(24) 
Zn^ + OH- -> Zn(0H)2i —(25) 
1.7.2.6 MIXED INHIBITORS 
There are a number of inhibitors, which inhibit corrosion by 
interfering with both the anodic and cathodic reactions and are 
called mixed inhibitors. This type of inhibition can be represented 
by Figure 1.2c. The anodic and cathodic reaction are represented by 
E'"corrA and E'^conC respectively and corrosion current I'"corr in 
presence of such type of inhibitors are considerably less than that in 
their absence. Gelatin, Glue and other high molecular weight 
substances fall in this category. Machu [40,41] claims that inhibition 
is mainly due to the formation of non-porous layer, which increases 
the electrical resistance of the surface layer. 
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Figure 1.2. Mechanism of action of corrosion inhibitors based on 
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1.8 MECHANISM OF INHIBITION IN ACIDS 
The inhibitive action of organic compounds occurs on the 
metaUic surface due to interaction between the inhibitors and the 
metal surface by adsorption phenomenon. In this process [21] the 
molecules are held on the surface of the adsorbent by valence forces 
i.e., variation in the charge from one phase to the other. Therefore, 
the molecular structure of the inhibitors assumes special 
significance [42]. The electron density at atoms of functional group 
constituting a reaction centre affects the strength of the adsorption 
bond [43]. 
1.8.1 FACTORS AFFECTING ADSORPTION MECHANISM 
(i) Surface charge on the Metal 
The magnitude and sign of the surface charge of the metal play 
a very important role for the establishment of the adsorption bond. 
The effects exercised by organic inhibitor on the electrode reactions 
must be connected with the modification induced in the structure of 
the electrochemical double layer because of their adsorption. In 
solution the charge on a metal can be expressed by its potential with 
respect to the zero charge potential. This potential, often referred to 
as the ^ potential, is more important then the potential on a 
hydrogen scale and sign of these potentials are different [44]. As the 
potential becomes more positive, the adsorption of anions is favored 
and as the potential becomes more negative, the adsorption of 
cations is favoured. 
(ii) Reaction of Adsorbed Inhibitors 
In some cases, the adsorbed corrosion inhibitors may react to 
form a product by electrochemical reduction, which may be 
inhibitive in nature. Inhibition due to the added substances has been 
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termed as primary inhibition and that due to the reaction product, 
secondary inhibition [45]. In such cases, the inhibition efficiency 
may increase or decrease with time according to whether the 
secondary inhibition is more or less effective than the primary 
inhibition [46]. 
(iii) Interaction of Adsorbed Inhibitor Species 
Lateral interactions between adsorbed inhibitor species become 
significant with increase in surface coverage of the adsorbed species. 
This lateral interaction may be either attractive or repulsive. 
Attractive interaction occurs between molecules containing large 
hydrocarbon components. Repulsive interactions occur between ions 
or molecules containing dipoles and lead to weaker adsorption at 
high coverage [47]. 
(iv) Interaction of the Inhibitors with Water Molecules 
The surface of metal in aqueous solution is covered with 
adsorbed water molecules. Adsorption of inhibitors takes place by 
the displacement of adsorbed water molecules from the surface, 
which involves free energy change during adsorption process. It is 
found to increase with the energy of solvation of the adsorbing 
species [48]. 
(v) Structure of Inhibitors and their Adsorption 
Inhibitors can bound to metal surface by electron transfer to 
the metal to form adsorption bond. Generally the inhibitors are the 
electron donors and the metal is the electron acceptor. The strength 
of this bond depends on the characteristics of both the adsorbate and 
adsorbent. Electron transfer from the adsorbed species is favored by 
the presence of relatively loosely bound electrons, as may be found 
in anions and neutral organic molecules containing lone pair of 
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electrons in 71-electron systems associated with multiple, especially 
triple bonds or aromatic rings. 
Most organic compounds have at least one polar atom i.e. 
nitrogen, sulphur, oxygen and in some cases selenium and 
phosphorous. In general, the polar atom is regarded as the reaction 
centre for the establishment of the chemisorption process [49]. In 
such cases, the adsorption bond strength is determined by the 
electron density of the atom acting at the reaction centre and by the 
polarizability of the polar atoms. The effectiveness of the polar 
atoms with respect to the adsorption process varies in the following 
sequence [50]. 
Selenium > Sulphur > Nitrogen > Oxygen 
The importance of electron density in chemisorption of organic 
substances in relation to inhibition phenomena has been evaluated. 
The idea of electron density acquires particular importance in 
aromatic or heterocyclic inhibitors whose structure may be affected 
by the introduction of substituent in different positions of the ring 
[44]. The availability of electron pairs for the formation of 
chemisorption bonds can thus be altered by regular and systematic 
variations of the molecular structure. 
1.8.2 INFLUENCE OF INHIBITORS ON CORROSION 
REACTION 
An inhibitor may decrease the rate of anodic process, the 
cathodic process or both. The change in corrosion potential on 
addition of the inhibitor is the indication of a retarded process [35]. 
Shift of the corrosion potential in the positive direction indicates 
mainly retardation of the anodic process (anodic control) whereas 
shift in the negative direction indicates retardation of the cathodic 
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process (cathodic control). Little change in the corrosion potential 
suggests that both anodic and cathodic processes are retarded. 
In the presence of an inhibitor, a shift of polarization curves 
without change in the Tafel slope indicates that the adsorbed 
inhibitor acts by blocking active sites so that reaction cannot occur 
rather than affecting the mechanism of the reaction [51]. A change 
in the Tafel slope is the indication of affecting the mechanism of the 
reaction. 
Inhibitor in acid solution affects the corrosion reactions of 
metals in the following ways: 
(i) Formation of a Diffusion Barrier 
The adsorbed inhibitor, which forms a surface film on the metal 
surface, can act as a physical barrier to restrict the diffusion of ions 
or molecules to or from the metal surface and thus retard the 
corrosion reaction. This type of behaviour is shown by inhibitors 
containing large molecules [52]. 
(ii) Blocking of Reaction Sites 
The inhibitors may adsorb on the metal surface to prevent the 
surface metal atoms from participating in either the anodic or 
cathodic reaction of corrosion. This blocking process reduces the 
metal surface at which these reactions can occur, and hence retard 
the rate of these reactions. The mechanisms of such reactions are not 
affected and the Tafel slopes of the polarization curves remain 
unchanged. Adsorption of inhibitors at low surface coverage tends to 
occur at anodic sites, causing retardation of the anodic reaction. At 
high surface coverage, adsorption occurs on both anodic and 
cathodic sites, and both reactions are inhibited. 
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(iii) Participation in the Electrode Reactions 
The electrode reactions involve the formation of adsorbed 
intermediate species with surface metal atoms. The presence of 
adsorbed inhibitors will interfere with the adsorbed intermediate but 
the electrode processes may then proceed by alternative paths 
through intermediates containing the inhibitor. In these processes, 
the inhibitor affects the reaction and the inhibitor remains unchanged 
with a change in the Tafel slope [53]. Inhibitors may retard the rate 
of hydrogen evolution on metals by affecting the mechanism of the 
reaction with the increases in Tafel slopes of cathodic polarization 
curve. This effect has been observed on iron in the presence of 
inhibitors such as phenylthioureas [54]. 
(iv) Alternation of the Electrical Double Layer 
The adsorption of ions or species on metal surface will change 
the electrical double layer at the metal solution interface, and this in 
turn will affect the rates of the electrochemical reactions. 
(v) Adsorption Isotherms 
An adsorption isotherm gives the relationship between the 
coverage of an interface with an adsorbed species (the amount 
adsorbed) and the concentration of the species in solution [55]. 
The list of various isotherms and their corresponding 
equations [56] are given in Table 1.4. The equations can be used to 
characterize the nature of adsorption of organic inhibitors on the 
metal surfaces. 
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Table 1.4. Adsorption Isotherms 
S.No. ISOTHERMS EQUATION 
1. 
2. 
3. 
7. 
Freundlisch 
Langmuir 
Frumkin 
Temkin 
BIomgren-Blockris 
Parsons 
Bockris, Devanathan and 
MuUer 
PC = 0 
pc = 
pc = 
e 
e 
9 
{X-9) exp (-2a6) 
PC Exp{ad)-\ 
l-exp[-a(l - ^ ) ] 
pC=-^exp(p^^/^-q^O 
1 — 07 
pC = exp -. r^  exp (-2a0) 
1 - e " (1 - ey 
Log C ± log — ^ = C + p^ 33/2 
where, 
P = 1/55.5 (exp - (AGads / RT)) = adsorption constant 
Gads = free energy of adsorption 
9 = surface coverage 
C = concentration of inhibitor 
a = molecular interaction constant 
a > 0 = > attraction and a < 0 = > repulsion, 
p and q = constants expressed in terms of dipole moments. 
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1.9 TECHNIQUES FOR CORROSION INHIBITION 
MONITORING 
The various techniques employed for corrosion monitoring have 
been classified as: 
i) Non-EIectrochemical Methods. 
(ii) Electrochemical Methods 
(i) Non-Electrochemical Methods 
These include techniques like weight-loss measurement and 
gasometric methods. The main disadvantage of these methods is that 
these require relatively long exposure times of the corroding 
systems. Also the non-electrochemical methods are m general 
restricted to systems, which do not form adherent layer of corrosion 
products, 
(a) Weight Loss Measurements 
This is one of the most reliable methods in corrosion 
monitoring. The electrochemical measurement results are usually 
compared with weight loss data. Here the change in weight of the 
specimen is determined by immersing the specimen in the corrosive 
medium for a fixed time. The rate of metal removal due to corrosion 
is calculated from the relation: 
R = KW/ATD 
where R is the corrosion rate, K is a constant, W is the weight loss to 
the nearest O.OOOlg., A is the area of the specimen to the nearest 
0.01 sq. cm., T is the time exposure to the nearest 0.01 hour and D is 
the density in g/cm .^ 
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Table 1.5 : Value of constant K, for determining corrosion rate in different 
units using weight loss measurements. 
s. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7 
t • 
8. 
9. 
EXPRESSION 
Inches per month, imp 
Inches per year, ipy 
Miles per year, mpy 
Millimetres per years, mm/yr 
Micrometre per year, mm/yr 
Picometre per second, pm/sec 
Micrograms per square metre per sec, 
mg/(sq m)(sec) 
Miligrams per square decimetre per day, 
mdd 
Grams per square metre per hour, g/(sq m) 
(hr) 
DIMENSION 
in/mo 
in/yr 
mils/yr 
mm/yr 
|im/yr 
pm/sec 
}ig/(sqm) (sec) 
mg/(sq 
dm)(day) 
g/(sq m) (hr) 
CONSTANT 
K 
2.87x10^ 
3.45x10^ 
3.45 X 10^  
8.76 X 10^  
8.76x10^ 
2.78x10^ 
2.78 x 10^  D 
2.40xlO^D 
1.00 X 10''D 
A variety of vmits have been used in the literature to express the 
corrosion rate. Using the different dimensions for T, A, W and D in 
the above equation corrosion rate can be calculated in different units 
with the appropriate value of K (Table 1.5). If desired, these 
constants may also be used to convert corrosion rates firom one set of 
units to another. To convent corrosion expressed in unit x to a rate in 
unit y, multiply by Ky/Kx. e.g., if R is 10 mpy the rate in mm/yr 
would be: 
10 (8.76 x 10 /^3.45 x 10^ ) = 0.254 mm/yr. 
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b) Gasometric Methods 
This method yields reliable and accurate results with a high 
degree of reproductivity. In this method the volume of hydrogen gas 
(in acid corrosion) involved during a corrosion reaction is directly 
measured at a constant temperature. The corresponding metal loss 
can be calculated. This technique has been used for the inhibitors 
studies by Nathan [57]. Mathur et al [58] have designed a 
gasometric unit with which corrosion rates could be monitored 
under controlled conditions of temperature and pressure without any 
aqueous correction. Singh et al [59] have designed apparatus for 
measuring adsorbed hydrogen gas and hydrogen diffusion. This 
technique has also been successfully applied for the determination 
of corrosion kinetic parameters. 
However this technique has certain limitations such as it can 
be applied to a strong oxidizing medium like nitric acid and to 
systems where the inhibitor used undergoes reduction with the 
hydrogen gas evolution. 
(ii) Electrochemical Methods 
The electrochemical methods are most widely used for the 
study of inhibitors. Electrochemical methods are finding enhanced 
application in corrosion research and in engineering applications. 
Such methods are practical because the corrosion behavior of 
material-electrolyte combinations is a direct function of the 
mechanism as well as kinetics of the electrochemical methods, 
which can be used, in field as well as in laboratory experiments, to 
measure corrosion rates without removing the specimen from the 
environment or altering the sample itself 
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a) Polarization Methods 
The electrochemical polarization of metallic sample is 
accomplished with a power supply known as potentiostat. An 
auxiliary electrode supplies the current to the working electrode (test 
specimen) in order to polarize it. The potential between the working 
electrode and reference electrode is monitored or set at a fixed value. 
Figure 1.3 illustrates schematically a typical experimental 
arrangement. 
Ammeter 
6 
Auxiliaty. 
electrode 
Potentiostat 
,W°^' ' ' "9 Reference 
, Auxiliary « 
High-
impedance 
voltmeter 
Salt-bridge probe 
DO ,-IJ Working 
electrode 
Polarization 
cell 
Reference 
electrode 
Reference 
cell 
Figure 1.3 Instrumental setup for electrochemical polarization experiments. 
The system is designed so that only an extremely small 
current can pass between the reference electrode and the working 
electrode. The current needed to polarize the working electrode is 
supplied from the auxiliary electrode. Several American Society for 
Testing and Materials (ASTM) standards discuss methods for 
performing these experiments [60, 61]. 
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In this method the behavior of inhibitor is understood by di awing a 
Tafei plot (Figure 1.4) in absence and presence of inhibitor. The 
percentage inhibition is calculated from the formula. 
1° -I corr JcoiT 
IE% = 1° 
1 c 
xlOO --(26) 
1° = Corrosion current density (corrosion rate) in absence of 
inhibitor, 
I = Corrosion current density (corrosion rate) in presence of 
inhibitor. 
(Noble) 
+ 
-H'/H-
Ecorr(M) 
-MVM 
(Active) 
Theoretical curves 
Experimental curves 
lcorf(M) 
'H2(M) 
Log i 
Figure 1.4 Polarisation curves for a corroding electrode 
^corr ~ Corrosion potential 
^corr ~ Corrosion current 
The corrosion rate is determined from the polarization data 
in two ways: 
1. Tafel extrapolation method 
2. Linear polarization method. 
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In Tafel extrapolation method the Unear portion of the Tafel 
curve is extrapolated. The point of intersection is referred to as Icorr-
Linear polarization method provides the value of absolute corrosion 
rate from the following relation. 
Pa X 3c 1 
Icorr = X — (27) 
2.3(Pa + Pc) RP 
Where Pa and Pc are Tafel constants, l/Rp = A I / A E = polarization 
conductance. 
1.10. INHIBITION OF CORROSION OF IRON AND 
STEEL IN ACIDS 
Inhibitors play an important role in controlling the corrosion 
of metal in acid solutions. Inhibitors are used to minimize the 
corrosive attack of metallic materials. Inhibitors can protect metallic 
materials, especially ferrous metals and alloy in mineral acids and 
various organic acids. 
The main features of effective inhibitors are as follows: 
It should posess the following characteristics : 
i) effectively inhibit the metal dissolution. 
ii) effective at low concentrations. 
iii) thermally stable and chemically inert. 
iv) inhibit hydrogen uptake by the metal. 
v) possess good surfactant and foaming characteristics. 
CHAPTER-2 
EXPERIMENTAL 
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2.0 MATERIALS 
2.1 TEST SPECIMEN 
2.1.1 FOR WEIGHT LOSS STUDY 
Cold rolled mild steel strips of size 2 cm x 2.5 cm x 0.05 cm 
and composition as given below were used for IN acidic solutions 
for weight loss study. 
c 
0.14% 
Mn 
0.35% 
Si 
0.17% 
P 
0.03% 
Fe 
Remainder 
2.12 FOR ELECTROCHEMICAL TESTS: 
Cold rolled mild steel strips having working areas of 1 cm 
and composition same as above were used for ail electrochemical 
tests. 
2.2 TEST SOLUTIONS 
The Hydrochloric acid (MERCK) of AR grade was used as 
corrosive media. The double distilled water was used to prepare all 
the test solutions. The test solution of inhibitor contains 5% of 
acetone or ethanol as solvent for solubilizing the organic 
compounds used as corrosion inhibitors. 
2.3 INHIBITORS USED 
Four inhibitors were synthesized in the laboratory. They are 
listed below: 
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TabIe-1 Name and molecular formula of inhibitors 
s. 
No 
1 
2 
3 
4 
Inhibitor name 
2-Amino-1,3,4-
thiadiazole (AT) 
2-Amino-5-
iiethyl-1,3,4-
thiadiazole 
(AMT) 
2-Amino-5-ethyl-
1,3,4-thiadiazole 
(AET) 
2-Amino-5-
propyl-1,3,4-
thiadiazole 
(APT) 
Molecular Structure 
N N 
N N 
H 3 C ^ S / ^ N H 2 
N N 
H5C2"^S'-''^NH2 
N N 
A A 
M.W 
101 
115 
129 
143 
FT-m SPECTROSCOPY 
The FT-IR spectroscopic study was also used to investigate 
the purity of compound synthesized. The results are listed below: 
1. 
2. 
3. 
2-Amino-1, 3,4-thiadiazoles (AT) - IR (KBr): 3348 (NH2), 1647 
(C=N), 1311 (C-N), 600(C-S) cm'. 
2-Amino-5-methyl 1,3, 4-thiadiazoles (AMT) - IR (KBr): 3321 
(NH2), 1645 (C=N), 1316 (C-N), 650 (C-S), 1284 (CH3-) cm'. 
2-Amino-5-ethyi -1,3, 4-thiadiazoles (AET) - IR (KBr): 3220 
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(NHa), 1642 (C=N), 1316 (C-N), 653 (C-S), 1002 (CH3CH2-) 
cm"'. 
4. 2-Amino-5-propyl-1,3,4-thiadiazoles (APT) - IR (KBr): 3044 
(NH2), 1653(C=N), 1285 (C-N), 657(C-S), 800 (CH3CH2CH2-) 
cm"'. 
2.3 SYNTHESIS OF THIADIAZOLES 
An appropriate amount of carboxylic acid derivative (0.1 mol) 
is treated with thiosemicarbazide (0.1 mol) and few drops of cone 
sulphuric acid is added in it as a catalyst. The reaction mixture was 
then heated under reflux for 8 hours. After the reaction was over, the 
product was then filtered, washed with water, dried and crystallized 
from alcohal. Substituted thiadiazoles thus prepared are 2-amino-
1,3,4- thiadiazole, 5-methyl-2- amino-1,3,4- thiadiazole, 5-ethyl-2-
amino-1,3,4- thiadiazole, 5-propyl-2-amino-l,3,4-thiadiazole. 
Characterization data of compounds are given below: -
Compound 
No. 
1 
2 
3 
4 
Name of 
Compound 
AT 
AMT 
AET 
APT 
Yield 
( % ) 
87 
95 
82 
74 
M.P 
("C) 
101 °C 
122 °C 
163''C 
175 °C 
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RCOOH + 
Carboxylic 
acid 
derivative 
1. 
2. 
3. 
4. 
< 
H2N—( 
^ N N 
: NHNH2 Abs. Alcohol ^ R - V g A N H 2 
Cone. H2SO4 
Thiosemicarbazide Thiadiazole derivative 
R = H 
R=CH3 
R = CjHs 
R = C3H7 
SCHEME-1 
2.4 DETERMINATION OF THERMODYNAMIC 
PARAMETERS 
2.4.1 DETERMINATION OF ACTIVATION ENERGY 
The values of activation energy (Eg) were calculated [62-64] using 
the Arrhenius equation: 
where, E°a is the apparent effective activation energy, R the general 
gas constant and A the Arrhenius pre exponential factor. A plot of 
log of corrosion rate obtained by weight loss measurement versus 
1/T gave straight lines as shown in (Figure 2.3). The values of 
activation energy (E°) obtained from the slope of the lines are given 
in Table 3. 
2.4.2 DETERMINATION OF FREE ENERGY OF 
ADSORPTION 
The free energy of adsorption at different temperature was 
calculated [65] using the equation given below: 
AGads = -RT In (55.5K) — (29) 
and K is given by: 
K = e / C ( l - e ) —(30) 
where 9 is degree of coverage on the metal surface, C is 
concentration of inhibitor in mole/lit, T is temperature, R is a 
constant and K is equilibrium constant. 
2.4.3 DETERMINATION OF HEAT OF ADSORPTION 
A plot of log (0/1-0) versus 1/T is given in (Figure 2.3). The 
plot gives the values for calculating, heat of adsorption ( 0 with a 
slope (-Q/2.303R). The values for the heat of adsorption are 
depicted in Table 3. 
2.4.4 DETERMINATION OF ENTROPY 
An alternative formula of the Arrhenius equation is the 
transition state equation: 
Rate = —exp 
Nh ^ 
^AS'^ 
R 
exp 
^ AH'^ 
J RT 
- ( 3 1 ) 
where, h is the plank s constant, / / the Avogadro s number, AS* the 
entropy of activation, and A/f the enthalpy of activation. A plot of 
log (CR/T) versus \/T should give a straight line (Figure 2.3) with a 
slope of i-AJFf /2.303 R), the values of AS ° was calculated and 
listed in Table 3. 
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2.4.5 DETERMINATION OF ENTHALPY 
The enthalpy change has been calculated from the equation; 
Rate = —exp 
Nh ^ 
^AS'^ 
R exp 
^ AH'^ 
RT 
With an intercept of [(log(R/ Nh) +( AS"/ 2.303 R)], from which the 
values of Alf were calculated and listed in Table 3. 
2.4.6 DETERMINATION OF HALF-LIFE 
The Plot of log (weight loss) versus Immersion time is given 
in (Figure 2.3) which gives the values for calculating half-life [66]. 
The half-life {tj/2) values were calculated [67] using the equation. 
t,/2= 0.693/k ---(32) 
where, k = [2.303 log (weight loss) \IT —(33) 
and weight loss is expressed in gms. 
The values of Rate constant & half life (/;/?) obtained from the 
above formula are summarized in Table 4. 
2.5 TECHNIQUES EMPLOYED 
The experimental work was carried out with the help of the 
following techniques: 
1. Weight Loss Method 
2. Potentiodyrta»»*tPolarization Technique 
2.5.1WEIGHT LOSS METHOD 
Specimens of size 2.0 cm x 2.0 cm x 2.5 cm were cut from the 
mild steel and mechanically polished with 1/0 to 4/0 grades of 
emery papers. After polishing, the specimen with acetone. The 
weight of the specimen was measured before exposing it to 
corrodent on an electrical balance. During weight loss experiments, 
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the specimens were fully immersed in 200 ml test solution using 
beaker of 250 ml capacity. After a definite exposure time, the 
specimen was taken out and washed with distilled water. Specimens 
were then dried and loss in weight was recorded. The thermostatic 
chamber was used for carrying out the weight loss experiments at 
higher temperatures. Thermostat was within an accuracy of ± 2*^ 0. 
The percentage inhibition efficiency and surface coverage (6) were 
calculated using the following equation: 
%) = 
Wo-W 
Wo 
xlOO —(34) 
Wo-W 
e = - ( 3 5 ) 
Wo 
Where, IE (%) = Percentage Inhibitive Efficiency 
9 = Surface Coverage 
Wo = Wt. Loss or Corrosion Rate in Uninhibited System 
W = Wt. Loss or Corrosion Rate in Inhibited System. 
2.5.2 POTENTIODYNAMIC POLARIZATION TECHNIQUE 
The following instruments were used for carrying out the 
polarization studies: 
(I) Potentiostat (EG & G PARC MODEL: 173) 
(i) Log current converter (model: 376) 
(ii) Universal programmer (model: 175) 
(iii) X-Y Recorder (model RE 0089). 
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For potentiodynamic polarization study, working electrodes 1 cm x 1 
cm with a tag of 4 cm were cut from the mild steel sheet and 
polished with 0/0 to 4/0 grade of emery papers. The specimens were 
then thoroughly washed with distill water and finally with acetone, 
unwanted area of the electrode was coated with lacquer to get a well 
defined area. The polarization studies were carried out using 
Potentiostat (EG & G PARC model: 173), Universal programmer 
(model: 175), X-Y Recorder (model RE 0089). 
All the experiments were carried out at (26 ± 2°C). A platinum foil 
of 3 cm X 3 cm was used as the auxiliary electrode and a saturated 
calomel electrode was used as reference electrode. 
All the potentials were measured against a saturated calomel 
electrode. The inhibition efficiency was calculated using the 
following equation: 
lo corr -1 corr 
IE (%) = X 100 
locorr 
lo corr = Corrosion Current Density without Inhibitor 
I corr = Corrosion Current Density with Inhibitor 
CHAPTER-3 
RESULTS AND DISCUSSION 
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In this section, influence of thiadiazoies on the corrosion of 
mild of mild steel in IN HCI has been investigated. The molecular 
structures and other details of thiadiazoies used as corrosion 
inhibitors are given in Table 1. 
In the present study, the behavior of some organic inhibitors 
containing heteroatom on corrosion of mild steel (MS) in IN HCI 
has been investigated. 
The following compounds were selected: 
[1] 2-Amino-1,3,4- thiadiazole (AT) 
[2] 2- Amino-5-methyl -1,3,4- thiadiazole (AMT)) 
[3] 2-Amino-5-ethyl 1,3,4- thiadiazole (AET) 
[4] 2-Amino-5-propyl 1,3,4-thiadiazole (APT) 
The inhibit!ve action of these above-mentioned compounds on 
mild steel is studied by employing two different techniques weight 
loss and potentiodynamic polarization. 
The weight loss measurement was conducted in IN HCI at 
different temperatures (30''C, 40°C, 50 °C, 60 °C) using various 
concentration (10-100 ppm) of the inhibitors and the inhibitors with 
highest efficiency was also tested for different immersion times (2hr, 
4 hr, 6hr, 8hr and 24hr) at optimum concentration (100 ppm) at 
30°C. 
Polarization experiments were also performed using optimum 
concentration (100 ppm) of the inhibitors to understand the 
behaviour of these inhibitors. 
3.1 WEIGHT LOSS STUDIES 
The various corrosion parameters such as percentage weight 
inhibition efficiency and corrosion rate of mild steel in IN HCI in 
the absence and presence of various thiadiazoies at different 
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concentrations at 30° C are summarized in Table 2. It has been 
observed from the results that inhibition for all the compound 
increases with the increase in concentration of inhibitor. 
The maximum inhibition efficiency of each compound was achieved 
at 100 ppm. A further increase in the concentration of compound 
does not cause any change m their performance. 
The effect of inhibitor concentration, solution temperature, 
immersion time and acid concentration on inhibition efficiency of 
thiadiazoles has been shown in Figure 2.1. The following 
observations have been noticed. 
i) the inhibition efficiency of all the tested thiadiazole increases with 
increase in concentration of inhibitors in hydrochloric acid, 
maximum inhibition efficiency was found at 100 ppm. 
ii) the inhibition efficiency of all thiadiazoles increases with increase 
in solution temperature from 30° C to 60 °C in hydrochloric acid 
solution. 
iii) the inhibition efficiency for all the tested thiadiazoles decreases 
with increase in immersion time from 2 hours to 24 hours. 
iv) the influence of acid concentration does not show any significant 
change on inhibition efficiency in hydrochloric acid solution. 
Inhibition of corrosion of mild steel in the acidic solution by 
thiadiazoles can be explained on the basis of molecular adsorption. It 
is apparent from the molecular structures that these compounds are 
able to get adsorbed on the metal surface through 7i-electrons of 
aromatic ring and lone pair of electrons of N & S atom, and as a 
protonated species like amines [68]. 
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Table 2- Corrosion parameters for mild steel in aqueous solution of IN 
HCl in absence and presence of different concentrations of various 
inhibitors from weight loss measurements at 30 °C for 2 h. 
Inhibitor 
cone 
Blank IN 
HCl 
AT 
10 
25 
50 
75 
100 
AMT 
10 
25 
50 
75 
100 
AET 
10 
25 
50 
75 
100 
APT 
10 
25 
50 
75 
100 
Weight 
loss (mg) 
61.20 
16.20 
16.90 
8.80 
4.90 
2.50 
13.20 
6.40 
4.30 
3.60 
2.20 
10.60 
7.10 
4.00 
3.40 
2.10 
7.30 
6.00 
3.14 
2.40 
1.30 
IE 
(%) 
-
72.39 
85.62 
91.99 
93.30 
95.92 
78.43 
88.39 
92.97 
94.12 
96.41 
82.62 
89.54 
93.46 
94.44 
96.56 
88.07 
90.19 
94.93 
96.03 
97.88 
CR 
(mmpy) 
34.20 
8.92 
4.90 
2.73 
2.28 
1.39 
7.36 
3.57 
2.40 
2.01 
1.23 
5.91 
3.96 
2.23 
1.89 
1.17 
4.07 
3.34 
1.73 
1.38 
0.72 
20 40 60 80 100 
Inhibi tor Cone, (ppm) 
2 4 6 8 24 
Immersion t ime lh ) 
Solution Temperature ( C ) 
1 2 3 
Ac id Concentrat ion ( N ) 
Figure 2.1. Variation of inhibition efficiency with (a) inhibitor concentration, (b) 
immersion time, (c) solution temperature, (d) acid concentration in 
IN HCl. (1: AT; 2; AMI; 3: AET; 4: APT). 
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Among the compounds investigated in the present study, the order of 
IE has been found as follows: 
APT >AET >AMT > AT 
(C3) (C2) (CO (H) 
The presence of propyl group in APT increases the density of 
electrons on Sulphur and nitrogen atom caused by resonance effect, 
which facilitate stronger adsorption of APT on the mild steel 
surface. This leads to higher IE of APT then AET compared with 
AMT and AT. The IE goes on decreasing with decrease in the 
number of carbon atoms as a consequence of the decrease in the 
electron density on N & S atom. 
The values of activation energy (Eg), free energy of adsorption 
(AGads), heat of adsorption (AQ), heat of enthalpy (AH) & entropy of 
activation (AS) is given in Table 3 and half-life (t m) in Table 4. 
3.1.1. APPLICATION OF ADSORPTION ISOTHERM 
In order to understand the mechanism of corrosion inhibition, 
the adsorption behavior of the organic adsorbate on the metal surface 
must be known. The degree of surface coverage (9) for different 
concentration of inhibitors in IN HCl at 30**C for 2h of immersion 
time has been evaluated from weight loss values. The data were 
tested graphically by fitting to various isotherms. A straight line was 
obtained on plotting log (9 /1-9) versus log C. (Figure 2.2.) 
suggesting that the adsorption of the compounds from IN HCl on 
mild steel surface follows Langmuir's adsorption isotherm. 
A plot of log (9/1-9) versus 1/T is given in (Figure 2.3). The 
plot gives the values for calculating, heat of adsorption (Q) with a 
slope (-Q/2.303R). The values for the heat of adsorption are depicted 
3.0 3-1 3.2 3-3 
Q(1/T)X1033°K-1 
3.0 3.1 3.2 3 3 
CI1/T)X10^3°K-' ' 
3.0 3.1 3.2^ 3-3 
C(1/T)X1033 K' ' 
2 4 6 8 
Immers ion t ime (h) 
Figure 2.3. Adsorption isotherm plot for (a) log (9 /I- 6) versus 1/T, (b) log 
(CR) versus I/T, (c) log (CR/T) versus I/T (d) half-life plot for log 
(weight loss versus immersion time in IN HCl (1: AT; 2: AMT; 3: 
AET; 4: APT; 5: Blank). 
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in Table 3. Since the values of heat of adsorption for all the 
inhibitors are less than (-40kJ mol''), hence showing physical 
adsorption [69]. 
•4.5 -4.0 -3.5 -3.0 -2.5 
LogC(mol/L) 
Figure 2.2. Langmuir's adsorption isotherm plot for the adsorption of various 
inhibitors in IN HCl on the surface of mild steel (1- AT- 2- AMT-
3:AET;4:APT). 
The data shows that thermodynamic activation functions ( 
E°a) of the corrosion in mild steel in IN HCl solution in the presence 
of the inhibitors are lower than those in the free acid solution 
indicating that all the inhibitors exhibit high CIE at elevated 
temperatures [70] Such inhibitors are bound to the surface by 
specific adsorption forces or by chemisorption as a result of which 
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a surface film of reaction product is formed [69]. The chemisorption 
process in the film formation with a strong attractive force is likely 
to be exothermic resulting in lowering of the activation energy [71]. 
The result of AH° (Table 3) is in the order AT>AET>AMT>APT 
which is indicative of the order of energy barrier at elevated 
temperature [70]. The values of activation AS" in the absence and 
presence of the inhibitors are large and negative. This indicates that 
the activated complex in the rate determining step represents an 
association rather than a dissociation step, meaning that a decrease 
in disordering takes place on going from reactants to the activated 
complex [72]. It is found that the AGads value is less than -40 KJ/mol 
(-9.56 KCal/mol) indicating that the thiadiazoles are physically 
adsorbed on the metal surface [73]. 
The low and negative value of AGads indicated the spontaneous 
adsorption of inhibitor on the surface of mild steel [74] It was also 
found that value of activation energy of the inhibited systems were 
lower than that of uninhibited system. Putilova [70] has indicated 
that this type of inhibitor is effective at higher temperatures. 
The Plot of log (weight loss) versus Immersion time (Figure 
2.3) gave a straight line indicating that it follows first order reaction. 
The values of rate constants and half-life (ti/2) obtained from the 
equation are summarized in Table 4. 
Half-life values are found to be constant at different 
immersion time. The order of effectiveness of inhibitors were 
observed as AP1>AE'I>AM1>AT in IN HCl. The constant 
values of rate constant further confirmed that the corrosion of 
mild steel in IN HCl in presence of different inhibitor follows first 
order kinetics. 
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Table 3 — Thermodynamic activation parameters for mild steel in IN HCl 
in absence and presence of inhibitors of 100 ppm concentration. 
Inhibitor 
cone. 
(ppm) 
IN HCl 
AT 
AMT 
AET 
APT 
(KJ mol') 
57.33 
52.83 
51.44 
46.95 
38.23 
AH 
(KJ mol') 
57.40 
103.00 
60.90 
73.60 
47.85 
-AS 
(J mol'K') 
197.59 
226.31 
228.23 
230.15 
235.89 
- AGads 
(KJ mol') 
-
37.74 
38.07 
39.22 
40.18 
-Q 
(KJ mol') 
-
5.74 
11.43 
19.14 
38.2 
Table 4 — First order rate constant and Half-life values in hours (h) for the 
corrosion of mild steel at different immersion time in IN HCl in absence and 
presence of inhibitors of 100 ppm concentration at 30° C. 
System 
IN HCl 
AT 
AMT 
AET 
APT 
-
10 ^ k 
4.580 ±0.508 
4.832 ± 0.656 
4.532 ±0.529 
4.245 ±0.531 
3.952 ± 0.491 
tin 
1 
151.31 
143.47 
152.98 
163.44 
175.35 
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3.1.2 POTENTIODYNAMIC POLARIZATION STUDIES 
The cathodic and anodic polarization curves of mild steel in 
IN HCI in the presence of different thiadiazoles at lOOppm 
concentration at 26±2° C are shown in (Figure 2.4) and various 
corrosion parameters such as Ecorr, Icorr» %IE obtained from these 
curves are given in Table 5. It is observed that Icorr values decreases 
significantly in the presence of inhibitors. Maximum decrease in the 
Icorr was obscrved in case of APT among thiadiazoles. 
Ecorr values do not show any significant change in presence of 
these inhibitors, suggesting that these compounds are mixed type 
inhibitors. 
Table 5 — Electrochemical polarization parameters for the corrosion of 
mild steel in IN hydrochloric acid containing lOOppm inhibitors at 30 °C. 
Inhibitor 
Cone, 
(ppm) 
IN HCI 
AT 
AMT 
AET 
APT 
•C'corr 
(mV) 
-525.00 
-538.00 
-523.00 
-523.00 
-515.00 
*corr 
(mA 
cm-^ ) 
0.350 
0.080 
0.060 
0.058 
0.055 
IE 
( % ) 
77.14 
82.86 
83.43 
84.29 
CR 
(mmpy) 
34.20 
1.39 
1.23 
1.17 
0.72 
(mVdec') 
60 
63 
70 
58 
67 
be 
(mVdec') 
130 
150 
143 
147 
157 
_-
OJ 
1 
£ 
« j 
< 
E 
> s 
*^ (/) 
C 
a 
*-> 
c 
(. 
L. 
3 
CJ 
U 
X 
2 
'—' 
^C 
,. ,,^  
D 
(U 
• * - * 
C/5 
• ^ ^ - ; 
Ifc 
k < 
f . ^ 
^ H 
3< 
s -^  o 
'^  fc 
.a:s !3 < 
a-
s < c3 • • 
c (N 
>-. -
•o -^ 
o c • — C3 
- * - ' . . M 
g CQ 
—^• . . o — 
a, w 
Tf 
f S 
<u 
L. 
3 
!MD 
b 
( 3 0 S SA A u i ) i O ! i u 3 i 0 d 
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CONCLUSIONS 
(1) All the thiadiazoles namely, 2-Amino-1,3,4- thiadiazole (AT), 
2- Amino-5-methyi -1,3,4- thiadiazole (AMT), 2-Amino-5-ethyl-
1,3,4- thiadiazole (AET) & 2-Amino-5-propyl 1,3,4-thiadiazole 
(APT) acted as efficient corrosion inhibitors on mild steel in 
hydrochloric acid (HCl) solution. The inhibition efficiency follows 
the order: 
APT>AET>AMT>AT 
(2) In the weight loss study, the inhibition efficiency 
(a) increases with increase in inhibitor concentration range from 10 
to 100 ppm and solution temperatvire from 30 - 60°C 
(b) decreases with increase in immersion time, from 2 - 24 h, 
(c) does not show any remarkable trend with increase in acid 
concentrations from 1 - 3N HCl, 
(3) All the four compounds inhibited corrosion by adsorption 
mechanism, and the adsorption of these compounds from 
hydrochloric acid solution followed Langmuir adsorption isotherm, 
and 
(4) The potentiodynamic polarization studies reveal that 
compounds examined acted as mixed type inhibitor in IN HCl 
solution. 
All the results were explained on the basis of molecular 
structure of the inhibitors and their ability in binding over the metal 
surface in acid medium. 
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SUMMARY 
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Corrosion hazard has been increasing day by day and has 
become a major problem worldwide. Both direct and indirect losses 
of metals and materials due to corrosion are large and will further 
increase with industrialization. In USA, the economic losses have 
been estimated as high as $300 billion per year and in India, the 
monetary losses due to corrosion have been estimated to around Rs. 
25,000 crores per year. 
Industrial growth can only be achieved by adhering to the 
rules of corrosion and maintenance of the industrial equipments. The 
use of inhibitors has increased manifold during the past several 
years, due to ease of application and cost effectiveness. But, "one 
size fit all" philosophy does not work well for corrosion inhibitors. 
Each inhibitor must be designed to the specific corrosion problem 
that needs solutions. 
Mild Steel is one of the most important engineering metal, 
which due to its low cost and excellent mechanical properties, is 
widey used as construction material. The mild steel is severely 
attacked in acid solutions, as usually comes in contact with HCl and 
H2SO4 in various industries, during pickling, cleaning of industrial 
equipments and acidization of oil wells etc. Inhibited acid solutions 
are commonly used to reduce the corrosive attack of acid on metals. 
Use of inhibitor is specific for different systems and thus, it needs to 
be studied thoroughly. 
The research work embodied in the present thesis deals with 
the study of some nitrogen and sulphur containing organic 
compounds as corrosion inhibitors for mild steel in IN Hydrochloric 
acid. The techniques such as weight loss and potentiodynamic 
polarization have been used in the studies on corrosion inhibition. 
The thesis comprises of three chapters. The first chapter 
presents a general introduction,^^gSB^gitethe economic and 
technological importance of corrosion. Theories of corrosion have 
also been described, which help in understanding the mechanism of 
corrosion. Special attention has been given to explain the mode of 
action of inhibitors towards corrosion control. The account of 
various techniques used for investigating corrosion inhibitors has 
been discussed briefly. The aim and objectives have also been 
mentioned. 
The description of inhibitor synthesis and their confirmation 
by FT-IR spectroscopy and the details of experimental techniques 
such as weight loss and potentiodynamic polarization used in these 
studies are given in chapter second. 
The third chapter describes discussion of results obtained 
from these studies. The compounds examined in the present 
investigation are given in Table 1. The inhibiting action has been 
described in the following section: 
I) Thiadiazoles as corrosion inhibitors 
The results of the investigation revealed that all the 
thiadiazoles inhibit the mild steel corrosion effectively in IN HCl. 
Among the studied thiadiazoles the 3-Propyl-2-amino-thiadiazole 
(APT) showed better inhibition efficiency. The higher inhibition 
efficiency of APT may be attributed due to the presence of propyl 
group in APT increases the density of electrons on sulphur and 
nitrogen atom caused by resonance effect, which facilitate stronger 
adsorption of APT on the mild steel surface. This leads to higher IE 
of APT then AET compared with AMT and AT .The IE goes on 
decreasing with decrease in the number of carbon atoms as a 
consequence of the decrease in the electron density on N & S atom. 
Hence, the order of inhibition efficiency of thiadiazoles in 
both the acids at a common concentration of 100 ppm was found to 
be as follows: 
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APT >AET >AMT > AT 
(C3) (C2) (C) (H) 
The effect of inhibitor concentration, solution temperature, 
immersion time and acid concentration on inhibition efficiency of all 
the investigated compounds has also been studied. The following 
conclusion can be drawn: 
(i) hihibition efficiency of all compounds increases with increase in 
inhibitor concentration. Maximum IE of all the thiadiazoles was 
achieved at 100 ppm, and further increase in concentration did not 
cause any appreciable change in IE. 
(ii) IE of the studied organic compounds increases with increase in 
the solution temperature from 30°C to 60° C in hydrochloric acid 
solution. 
(iii) IE of the entire studied organic compound decreases with 
increase in immersion time from 2-24 hours. 
(iv) IE of the studied organic compound did not show any significant 
change with increase in acid concentration in hydrochloric acid 
solution. 
The values for the heat of adsorption (Q) for all the inhibitors 
are less than (-40kJ mol"'), hence showing physical adsorption. 
The Ea values for all the inhibited system were found to be 
lower than the uninhibited system. The lower value of Eg in presence 
of inhibitor than the uninhibited systems showed that inhibition are 
effective at higher temperature. Such inhibitors are bound to the 
surface by specific adsorption forces or by chemisorption as a result 
of which a surface film of reaction product is formed. The 
chemisorption process in the film formation with a strong attractive 
force is likely to be exothermic_resultiae in lowerii!^ of the 
activation energy. ^ ^*^*^ ' 
>( Ace. No _ \^ 
. - ' . 6 , 
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The values for free energy of adsorption (AGads) for all the 
compounds at different temperature were also calculated. The 
average value of (AGads) increase with increase in temperature. This 
indicated that adsorption of inhibitors on to the mild steel surface 
occurs spontaneously. 
The result of AH^ is in the order AT>AE'I>AMT>APT which 
is indicative of the order of energy barrier at elevated temperature. 
The values of activation AS" in the absence and presence of 
the inhibitors are large and negative. This indicates that the activated 
complex in the rate determining step represents an association rather 
than a dissociation step, meaning that a decrease in disordering takes 
place on going from reactants to the activated complex. 
Half-life values are found to be constant at different 
immersion time. The order of effectiveness of inhibitors were 
observed as APT>AET>AMT>AT in IN HCl. The constant values 
of rate constant further confirmed that the corrosion of mild steel in 
IN HCl in presence of different inhibitor follows first order kinetics. 
The adsorption behaviour of all the organic molecules on the mild 
steel surfaces was evaluated by fitting the various data obtained from 
weight loss study to various adsorption isotherms. All the inhibitors 
obeyed Langmuir's isotherm. The potentiodynamic polarization 
studies were carried out at room temperature. The polarization 
behaviour of different compounds was found to be of mixed type 
inliibitors. 
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The structures of thiadiazoles selected for investigation are given beiow: 
S.No 
1. 
2. 
3. 
4. 
Inhibitor name 
2-Amino-1,3,4-
thiadiazole (AT) 
2-Amino-5-methyl-
1,3,4-thiadiazole 
(AMT) 
2-Amino-5-Ethyl-
1,3,4-thiadiazole 
(AET) 
2-Amino-5-Propyl -
1,3,4-thiadiazole, 
(APT) 
Molecular Structure 
N N 
H / \ s ' ^ N H 2 
N N 
H 3 C ^ S ^ N H 2 
N N 
I 1 
N N 
1 I 
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steel corrosion in hydrochloric acid solution 
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Four organic inhibitors namely 2-amino-l,3.4-thiadiazole (AT), 5-methyl-2-amino-l,3,4-thiadiazole (MAT), 5-ethyl-2-
amino-l,3,4-thiadiazole (EAT) and 5-propyl-2-amino-l,3,4-thiadiazole (PAT) were synthesized and their influence on the 
inhibition of corrosion of mild steel (MS) in hydrochloric acid was investigated by weight loss and potentiodynamic 
polarization techniques. The inhibition efficiency (IE) of these compounds was found to vary with the inhibitor 
concentration, immersion time, acid concentration and solution temperature. All the investigated thiadiazoles exhibited good 
inhibition efficiency (IE) for mild steel in hydrochloric acid solution. The adsorption of all these compounds on mild steel in 
acid solution has been found to obey Langmuir's adsorption isotherm. The potentiodynamic polarization data showed that 
the inhibitors are of mixed type. Various thermodynamic parameters (E^, AGads, Ag, AW, AS, ti/2) have also been calculated 
to investigate the mechanism of corrosion inhibition. 
Keywords: Corrosion inhibition, thiadiazoles, mild steel, potentiodynamic polarization, langmuir adsorption isotherm 
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Heterocyclic compounds represent a potential class of 
corrosion inhibitors. Corrosion inhibition by nitrogen 
containing heterocyclic compounds has been widely 
reported in literature'"^. Heterocyclic compounds 
containing both nitrogen and sulphur atoms are of 
particular importance as they often provide excellent 
inhibition compared to those containing only nitrogen 
or sulphur*"'". The corrosion inhibiting property of 
these compounds is attributed to their molecular 
structure. The planarity (ji) and lone pair of electrons 
present on heteroatoms are the important structural 
features that determine the adsorption of these 
molecules on the metal surface. 
The corrosion inhibiting behaviour of thiadiazoles 
on mild steel were reported by Azhar et al}^ and 
Bentiss et al}^ in acidic media. Heterocyclic 
thiadiazoles besides being used as corrosion inhibitor 
also find its diverse application in biological and 
pharmacological activities'^''*. 
In continuation of the earlier work on thiadiazole 
derivative as corrosion inhibitors, this paper presents 
the results of the study done to determine the 
corrosion inhibiting potential of 2-amino-1,3,4-
thiadiazole (AT), 5-methyl-2-amino-l,3,4-thiadiazole 
*For correspondence (E-mail: maquraishi@rediffmail.com; 
Fax: 0091+571+2700528) 
(MAT), 5-ethyl-2-amino-l,3,4-thiadiazole (EAT) and 
5-propyl-2-amino-l,3,4-thiadiazole (PAT) on mild 
steel in acidic media. 
Experimental Procedure 
Synthesis of thiadiazoles 
The thiadiazole inhibitors were synthesized in the 
laboratory following the procedure described earlier'"*, 
characterized through their spectral data and their 
purity was confirmed by thin layer chromatography 
(TLC). Name, structural formulas, melting points 
and molecular weight of the products are given in 
Table 1. 
Electrolyte 
The aggressive solutions used were made of 35% 
HCl (AR grade). Appropriate concentrations of acid 
were prepared using double distilled water. The 
concentration range of inhibitor employed was 10 to 
100 ppm in the hydrochloric acid. 
Specimens 
The mild steel strips having composition, (wt %): 
C, 0.04; Mn, 0.035; Si, 0.17; S, 0.025; P, 0.03% and 
balance Fe were used for weight loss and 
electrochemical studies. Strips were mechanically 
polished with emery papers of 1/0, 2/0, 3/0, and 4//0 
grade and degreased with trichloroethylene. 
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Table 1—Name and molecular structures of ths compound used 
N N 
I. 
1"^  
NH, 
R=H 
2. R=:CH, 
3. R^CjHs 
4, R = C,H7 
(2-Amino-l,3,4-thiadiazo!e, AT); 
mol. wt= 101; melting point = lOrC 
(5-Methyl-2-amino-1,3,4-thiadiazole, MAT); 
mol. wt = 115; melting point = 122''C 
(5-Ethy 1-2-amino-1,3,4-thiadiazole, EAT); 
mol. wt =129; melting point = 163"'C 
(5-Propyl-2-amino-l,3,4-thiadiazole, PAT); 
mol. wt = 143; melting point = 175°C 
Weight loss studies 
The mild steel strips of size 2.0x2.0x0.025 cm were 
used for weight loss measurement studies. All the 
weight lo.ss experiments were carried out at 
temperature, 30°C, and immersion time, 2 h, except 
for the time and temperature variation studies from 
2-24 h and 30 to 60°C respectively. The experiments 
were performed as per ASTM G31-72 method'^. 
The inhibition effici.?ncy (%) of the inhibitors was 
calculated by using the following equation: 
/£• = 
_ CR^ - CRj 
CK 
xlOO 
where, CRo = corrosion rate of blank hydrochloric 
acid and CR, - corrosion rate after adding inhibitors. 
Electrochemical studies 
For potentiodynamic polarization studies, mild 
steei strips of the same composition, as that of weight 
loss, coated with commercially available lacquer 
(exposed area, 1.0 cm )^ were used and the 
experiments were carried out at 30±1°C. Equilibrium 
time leading to steady state (ocp) of the specimens 
was 30 min. Scan rate in potentiodynamic experiment 
was 1 mV/s. Potentiodynamic polarization studies 
were carried out using an EG & G Princeton Applied 
Research (PAR) potentiostat/galvanostat (model 173), 
a universal programmer (model 175) and a X-Y 
recorder (model RE0089). A platinum foil was used 
as auxiliary electrode and a saturated calomel 
electrode (SCE) was used as reference electrode. 
The Corrosion Rate {CR) was calculated using the 
following formula'*, 
^ ^ _ 0 . 1 3 x / , , , x £ W 
D 
Table 2—Corrosion parameters for mild steel in aqueous solution 
of 1 N HCl in absence and presence of different concentrations of 
various inhibitors from weight loss measurements a; 30°C for 2 h 
Inhibitor concentration 
(ppm) 
IN HCl 
AT 
10 
25 
50 
75 
100 
MAT 
10 
25 
50 
75 
100 
EAT 
10 
25 
50 
75 
.100 
PAT 
10 
25 
50 
75 
100 
Weight loss 
(mg) 
61.20 
16.90 
8.80 
4.90 
4.10 
2.50 
13.20 
6.40 
4.30 
3.60 
2.20 
10.60 
7.10 
4.00 
3.40 
2.10 
7.30 
6.00 
3.10 
2.40 
1.30 
IE 
(%) 
0.00 
72.39 
85,62 
91.99 
93.30 
95.92 
78.43 
88.39 
92.97 
94.12 
96.41 
82.67 
89.54 
93.46 
94.44 
96.56 
88.07 
90.19 
94.93 
96.07 
97.88 
CR 
(mmpy) 
34. JO 
8.92 
4.90 
2.73 
2.28 
1..39 
7.36 
3.57 
2.40 
2.01 
1.23 
5.91 
3.96 
2.23 
1.89 
1.17 
4.07 
3.34 
1.73 
1.38 
0.72 
where, Icon = corrosion current density in mA/c.n^; 
EW = equivalent weight of the metal in g/eq. and D = 
density of the metal in g/cm''. 
Results and Discussion 
Weight loss studies 
The values of percentage inhibition efficiency (% 
IE) and corrosion rate (CR) obtained from weight loss 
method at different concentrations of inhibitors at 
30°C are summarized in Table 2. It has been found 
that all of these compounds inhibit the corrosion of 
mild steel in HCl solution, at all concentrations used 
in this study i.e., 10-100 ppm. The variation of 
inhibition efficiency with increase in inhibitor 
concentrations is shown in Fig. la. It has been 
observed that the inhibition efficiency for all of these 
compounds increases with the increase in 
concentration of inhibitor. The effect of immersion 
time on inhibition efficiency is shown in Fig. lb. It is 
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found that all the tested thiadiazoles show decrease in 
the inhibition efficiency with the. increase of 
immersion time from 2 to 24 h. The influence of 
solution temperature on inhibition efficiency is shown 
in Fig. Ic. It is observed that inhibition efficiency for 
all the compounds increases with increase in solution 
temperature from 30-60°C indicating that the 
adsorption phenomenon becomes more pronounced 
with the increase of temperature. The variation of 
inhibition efficiency with increase in acid 
concentration is shown in Fig. Id and it is clear that 
change in acid concentration from 1 to 3 N did not 
cause any significant change in inhibition efficiency 
values, thereby, suggesting that all the compounds are 
effective corrosion inhibitors in acid solution over this 
concentration range. 
9S 
90 
•S 
eo 
75 
70 
(a) 
w^ 
_y 
- a 1 I 
• AT 
6 MAT 
OEAT 
A PAT 
1 1 
• ^ \ 
V>ON: 
" \ N 
. •AT \ 
A MAT 
. oEAT 
A PAT 
1 1 1 
(b) 
JK 
"A ©3 
wv N\2 
» 1 
J_,J—1 
20 40 SO BO 100 
Inhibitor cone, (ppm) 
4 6 « 24 
Immersion time (h) 
30 «0 SO 60 
Solution temperature (°C) 
1 2 3 
Acid concentration (N) 
Fig. 1—Variation of inhibition efficiency with (a) inhibitor 
concentration, (b) inunersion time, (c) solution temperature, and 
(d) acid concentration in 1 N HCl 
The degree of surface coverage (0) for different 
concentrations of inhibitors in 1 N HCl at 30-60°C for 
2 h of immersion time has been evaluated from 
weight loss values. The data were tested graphically 
by fitting to various isotherms. A plot of log (9/1-6) 
versus \IT is given in Fig. 2a. The plot gives the 
values for calculating, heat of adsorption {Q) with a 
slope (-Q/2303R). The values for the heat of 
adsorption are included in Table 3. Since the values of 
heat of adsorption for all the inhibitors are less than 
-40 KJmor', hence physical adsorption'^ occurs. 
It has been reported by number of authors' " that 
in acid solution, the logarithm of the corrosion rate is 
a linear function with 1/7 (Arrhenius equation): 
Log (rate) = -E' 
2.303 RT 
- + A .(1) 
where, E^ is the apparent effective activation energy, 
R the general gas constant and A the Arrhenius pre 
exponential factor. A plot of log of corrosion rate 
obtained by weight loss measurement versus 1/7 gave 
straight line as shown in Fig. 2b. The values of 
activation energy -(E^) obtained from the slope of 
the lines are given in Table 3. An alternative formula 
of the Arrhenius equation is the transition state 
equation^' 21. 
Rate = RT 
Nh exp 
^A5°^ 
R 
exp 
AH 0 ^ 
RT 
(2) 
where, h is the plank s constant, N the Avogadro s 
number,. AS° the entropy of activation, and Aff the 
enthalpy of activation. A plot of log (CR/T) versus 
1/7 gave a straight line (Fig. 2c), with a slope of 
(-A//°/2.303 R) and an intercept of [(log(RyN^) + 
(A5°/2.303 R)], from which the values of A5° and Aff 
Table 3—Thermodynamic activation parameters for mild steel in 1 N HCl in absence and presence 
of inhibitors of 100 ppm concentration 
Inhibitor concentration 
(ppm) 
IN HCl 
AT 
MAT 
EAT 
PAT 
£a 
(KJmol"') 
57.33 
52.84 
51.44 
46.95 
38.23 
fAH 
(KJ mor') 
57.40 
103.00 
60.90 
73.60 
47.85 
-AS 
(J mol'K"') 
197.59 
226.31 
228.23 
230.15 
235.89 
-AG«js 
(KJ mor') 
-
37.74 
38.07 
39.22 
40.18 
-e (KJmor') 
-
5.74 
11.43 
19.14 
38.2 
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12 
[ (1/T)X1OVK' ' 
2 ( 6 8 
Immersion time (h) 
Fig. 2—(a) Adsorption isotherm plot for log (6/1-6) versus 1/7"; 
(b) Adsorption isotherm plot for log {CR) versus 1/7; (c) 
Adsorption isotherm plot for log (CR/T) versus 1/7"; and (d) Half-
life plot for log (weight loss) versus immersion time in 1 N HCl 
were calculated and listed in Table 3. The data shows 
that thermodynamic activation functions (£"3) of the 
corrosion in mild steel in 1 N HCl solution in the 
presence of the inhibitors are lower than those in the 
free acid solution indicating that all the inhibitors 
exhibit high IE at elevated temperatures^^. The value 
of AU° is lower in presence of PAT inhibitor, 
indicating that the less energy barrier for the reaction 
in presence of the inhibitor is attained and hence 
exhibit high IE at elevated temperatures and more in 
case of AT, MAT and EAT indicating energy barrier 
for the reaction in presence of inhibitor is attained^^. 
The values of activation. A5° in the absence and 
presence of the inhibitors are large and negative. This 
indicates that the activated complex in the rate 
determining step represents an association rather than 
a dissociation step, meaning that a decrease in 
disordering takes place on going from reactants to the 
activated complex". Free eneigy of adsorption 
.(AGads), calculated using the following equations^ are 
given in Table 3. 
. AG,ds = -RT In (55.5 fC) 
and K is given by: 
K = e/C (1-6) 
...(3) 
...(4) 
Table 4—Half-life (h) values for the corrosion of mild steel at 
different immersion time in 1 N HCl in absence and presence of 
inhibitors of 100 ppm concentration at 30°C 
Inhibitor concentration 
(ppm) 
IN HCl 
AT 
MAT 
EAT 
PAT 
///2(2h) 
705.33 
127.96 
119.31 
110.07 
96.67 
0/2 (4h) 
638.89 
124.77 
116.93 
108.67 
95.83 
'/^(6h) 
430.92 
116.93 
109.81 
103.97 
91.41 
f,/2(8h) 
226.7 
96.80 
92.81 
90.24 
79.57 
where, 9 is degree of coverage on the metal surface, C 
is concentration of inhibitor in mol/L, A^  is 
equilibrium constant, R is a constant and T is 
temperature. It is found that the AG^ ds value is less 
than -40 KJ/mol (-9.56 KCal/mol) indicating that the 
thiadiazoles are physically adsorbed on the metal 
surface^ .^ 
The negative value of AGads indicated the 
spontaneous adsorption of inhibitor on the surface of 
mild steel ^'. It was also found that value of activation 
energy of the inhibited systems were lower than that 
of uninhibited system. Putilova et alP' have indicated 
that this type of inhibitor is effective at higher 
temperatures. 
The plot of log (weight loss) versus immersion time 
is shown in Fig. 2d, which gives the values for 
calculating half life^ .^ The half-life (ti^) values were 
28 
calculated using the equation 
f,/2=0.693/it 
where 
k = [2.303 log (weight loss)]/r 
.(5) 
...(6) 
and weight loss is expressed in gms. The values of 
half-life (tia) obtained from the above formula are 
summarized in Table 4. Half-life values decrease with 
increase in the immersion time of the inhibitor. 
Application of adsorption isotherm 
The mechanism of corrosion inhibitioii may be 
explained on the basis of adsorption behaviour. The 
degrees of surface coverage (0) for different inhibitor 
concentrations were evaluated from weight-loss data. 
Data were tested graphically by fitting to various 
isotherms. A straight line was obtained on plotting log 
(0/1-0) versus logC (Fig. 3) suggesting that the 
adsorption of the compounds from HCl on mild steel 
surface follows Langmuir's adsorption isotherm. 
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Potentiodynamic polarization studies 
The polarization behaviour of mild steel in IN HCi 
in absence and presence of 100 ppm inhibitor 
concentration is shown in Fig. 4. Electrochemical 
parameters such as corrosion current density (/coJ, 
corrosion potential (Ecorr). Tafel constants (b^ and be) 
and percentage inhibition efficiency (% IE) calculated 
from Tafel plots are given in Table 5. It is observed 
that presence of the inhibitor lowers I^on values. 
Maximum decrease in hon was observed for PAT 
indicating that PAT is most effective corrosion 
inhibitor among the studied compounds. Similar trend 
was observed by weight loss method. It is also 
observed from Table 5 that {Econ ) values and Tafel 
slope constants b^. and be do not change significantly 
in inhibited solution as compared to uninhibited 
solution. It is seen from the results that thiadiazoles 
do not shift Ecorr values significantly thereby 
suggesting that they are mixed type inhibitors. This 
type of behaviour has been observed for mild steel in 
acid solution containing 2-hydrazino-6-methy]-
benzothiazole . 
The variation of free corrosion potential (ocp) with 
time has been given in Fig. 5. The free corrosion 
potenial (ocp) did not change significantly with time. 
These observations suggest that all the thiadiazoles 
adsorb on the metal surface by blocking the active 
sites of the steel surface without affecting the 
mechanism of corrosion reaction. 
Mechanism of inhibition 
Inhibition of corrosion of mild steel in the acidic 
solutions by thiadiazoles can be explained or the 
basis of molecular adsorption. It is apparent from the 
molecular structures that these compounds are ab^e to 
get adsorbed on the metal surface through n-electrons 
of aromatic ring and lone pair of electrons of N and S 
atoms, and as a protonated species like amines . 
Among the compounds investigated in the present 
study, the order of IE has been found to be as follows: 
2.0 
-A.5 -4.0 -3.5 -3.0 -2.5 
Log C (mol/L) 
Fig. 3—Langmuir's adsorption isotherm plots for the adsorption 
of various inhibitors in 1 N HCI on the surface of mild steel 
-2 00 
-300 
-400 
> 
E 
a -500 
-600 
-7 00 
; i ) Blank 
(2) AT 
" (3) MAT 
( i ) EAT 
(5) PAT 
1 1 
/ 3 
1 
0.001 0.01 0.1 
Current density (mA cm ) 
PAT >EAT >MAT > AT 
(C3) (C2) (C) (H) 
Table 5—Electrochemical polarization parameters for the 
corrosion of mild steel in 1 N HCI containing 100 ppm inhibitors 
at 30 °C. 
(mV dec'')(mV df-c" 
Inhibitor Econ /coir ^£ 
concentration (mV) (mA cm'") (%) 
(ppm) 
IN HCI -525.00 0.350 - 60 130 
AT -538.33 0.080 77.14 63 150 
MAT -523,33 0,060 82.86 70 143 
EAT -523.33 0,058 83,43 58 137 
PAT -515.00 0.055 84.29 67 157 
-510 -
> 
-S20 -
3-530 -
j-540 -
-550 -
rO 1.5 
Time (ti) 
Fig. 4—Polentiodynamic polarization curves for mild steel in 1 N 
HCJ containing 100 ppm concentrations of various thiadiazoles 
Fig. 5—Variation of free corrosion potential (ocpj with lime of 
inhibitor (PAT) (100 ppm) in I N HCI 
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There is decrease in the IL of thiadiazolcs as the 
size of side chain alkyl group decreases. The presence 
of propyl group in PAT also increases the density of 
electrons on sulphur and nitrogen atom caused by 
resonance effect, which facilitate stronger adsoiption 
of PAT on the mild steel surface. This leads to higher 
IE of PAT than EAT compared with MAT and AT. 
The IE goes on decreasing with decrease in the 
number of carbon atoms as a consequence of the 
decrease in the electron density on N and S atom. 
Conclusion 
From the results of the study the following 
conclusions can be drawn: 
(!) All the thiadiazolcs acted as efficient corrosion 
inhibitor in hydrochloric acid (HCl) solution. 
(ii) In the weight loss studies the inhibition 
efficiency: (a) increases with increase in 
inhibitor cone, from 10 to 100 ppm and solution 
temperature from 30 - 60°C; (b) decreases with 
increase in immersion time, from 2-24 h; (c) 
does not show any significant change with 
increase in acid concentration. 
(iii) All the four compounds inhibited corrosion by 
adsorption mechanism, and the adsorption of 
these compounds from hydrochloric acid 
solution followed Langmuir adsorption 
isotherm. 
(iv) The potentiodynamic polarization studies reveal 
that compounds examined acted as mixed type 
inhibitor in 1 N HCl solution. 
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